Six cases of an unusual variant of primary pulmonary adenocarcinoma resembling colorectal and sinonasal adenocarcinoma are presented. Pulmonary intestinal-type adenocarcinoma occurs in elderly Caucasians and is associated with a histology characteristic of colorectal/enteric adenocarcinoma: a garland-like architecture with a 'gland in gland' periphery, central 'dirty' necrosis, and elongated stratified columnar cells, lacking significant goblet or signet ring differentiation. While a resemblance to intestinal adenocarcinoma by light microscopy is present, immunohistochemical studies comparing these carcinomas with metastatic colorectal adenocarcinoma clearly show a respiratory phenotype with the neoplastic cells expressing thyroid transcription factor-1 and cytokeratin 7 to the exclusion of cytokeratin 20, and failing to express CDX-2. Stains for a variety of epithelial mucins (MUC1, MUC2, MUC5AC) also support this observation. The differential diagnosis with other pulmonary adenocarcinomas, especially those with mucinous differentiation, is discussed.
The morphologic spectrum of pulmonary adenocarcinomas is extremely broad and has been recognized in recent classification schemes. 1 Primary lung tumors that show mucinous or enteric differentiation are rare and their exact classification remains controversial. 2, 3 Within this group are mucinous cystic tumors including mucinous cystadenocarcinoma, mucinous (colloid) carcinoma, mucinous variants of bronchioloalveolar carcinoma, and signet ring cell carcinoma. 2, [4] [5] [6] [7] [8] [9] [10] [11] The histologic and differentiation characteristics of these tumors overlap with gastrointestinal malignancies, especially colorectal carcinoma, including variants initially reported as 'enteric' carcinoma of the lung. [12] [13] [14] [15] This current study reports six cases of intestinal-type adenocarcinoma of lung, morphologically similar to high-grade sinonasal adenocarcinoma of the intestinal type, and examines the differential expression of recently characterized immunohistochemical markers associated with colorectal and lung tumors including CDX-2, TTF-1, MUC1, MUC2, MUC5, cytokeratin 7 (CK7), and cytokeratin 20 (CK20). CDX-2 is a homeobox gene related to the Drosophila caudal gene that encodes a nuclear transcription factor involved in the induction of intestine-specific genes, from esophagus to rectum, including the pancreatobiliary system. 16 It represents a highly specific marker for both primary and metastatic intestinal adenocarcinomas, although it has been reported to be expressed in 13% of lung adenocarcinomas and some nongastrointestinal adenocarcinomas, such as sinonasal intestinal-type adenocarcinomas. [13] [14] [15] 17 Of primary lung tumors, colloid adenocarcinoma is most expressive of CDX-2.
3-7 TTF-1 is a 38-Kd homeodomain gene containing a DNA binding protein originally identified in follicular cells of the thyroid as a regulator of thyroid-specific genes, and was subsequently observed in respiratory epithelial cells. 18, 19 Expression of this nuclear protein in adenocarcinomas outside of the lung and thyroid is extremely rare. 20 MUC1, 2, and 5 are secretory mucins variably expressed in the gastrointestinal and respiratory tracts. [21] [22] [23] [24] [25] [26] The expression of or absence of epithelial intermediate filaments CK7 and CK20 are commonly utilized to separate colorectal from other primary adenocarcinomas especially lung. [27] [28] [29] The six cases of primary pulmonary intestinal-type adenocarcinomas were compared to age-and sex-matched metastatic colonic adenocarcinomas of lung to investigate their staining properties with regard to these antigens and their applicability to the differential diagnosis.
Materials and methods
Six cases of pulmonary intestinal-type adenocarcinoma were identified in a review of 430 primary adenocarcinomas of lung accessioned between 1996 and 2004 at the University of Pittsburgh Medical Center-Presbyterian campus. A total of 10 additional age-and sex-matched cases of surgically resected metastatic colonic adenocarcinomas to lung were utilized for immunohistochemical comparison to the study group.
Tissue was fixed in 10% neutral-buffered formalin and paraffin embedded. Antibodies used for this study are listed in Table 1 . Immunohistochemical staining using the avidin-biotin complex and peroxidase methods was performed on 4 mm sections using previously described methods. 30 Appropriate negative and positive controls were included.
A semiquantitative grading system of percentage of cell staining was used to yield quartile scores of 0-4: 0, 1-4%; 1, 5-24%; 2, 25-49%; 3, 50-74%; and 4, 75-100%.
All patients had colonoscopy, abdominal CT scans, and barium enemas prior to or after thoracic surgery that excluded metastatic gastrointestinal adenocarcinoma.
Results
Clinical data on the six patients are shown in Table 2 . Patients were elderly with an average age of 69.8 years (range 57-82) with a female predilection (female/male ¼ 4/2) and all were Caucasian. All six were cigarette smokers. None had a history of exposure to wood dust. Owing to persistent cough (N ¼ 4), hemoptysis (N ¼ 2), chest pain (N ¼ 3), and postobstructive pneumonia (N ¼ 1), the patients presented for radiologic examination, which in all cases revealed a solitary spiculated mass suspicious for malignancy. Interestingly in five of the six cases, the tumor was localized to the right upper lobe. In four cases, lobectomy was performed with pneumonectomy and segmental resection in the remaining two.
Grossly, the tumors were well-demarcated peripheral tumors described as 'white/gray' firm masses with foci of yellow punctate necrosis (N ¼ 3). Diameters ranged from 1.5 to 7.0 cm (average 3.7 cm).
The adenocarcinomas had the characteristic garland pattern of infiltration associated with colorectal adenocarcinomas with cystic glandular structures containing mucin and necrotic debris encircled by an array of round tubular glands ( Figure 1) . A cribriform 'gland in gland' pattern was present in each case with lumina filled with necrotic epithelial cells, fibrin, neutrophils, and karyorrhectic debris, enmeshed in extracellular mucin ( Figure 2 ). Such 'dirty necrosis' was seen in all cases and was often accompanied by segmental necrosis of the glandular lining (Figure 3 ). The glands were lined by stratified tall columnar absorptive-like cells with modest amounts of apically oriented amphophilic cytoplasm. Their hyper- W-Caucasian; M-male; F-female; P-pneumonectomy; L-lobectomy; S-segmentectomy; RUL-right upper lobe; LLL-left lower lobe; DOD-dead of disease; DNED-dead, no evidence of disease; ANED-alive, no evidence of disease; mo-months.
Pulmonary intestinal-type carcinoma SA Yousem chromatic nuclei were round to cigar shaped and oriented basally (Figure 4 ). Mitoses were frequent (average 14/10 high power field; range 8-132), including atypical forms. While extracellular diastase resistant periodic acid Schiff and mucicarmine-positive mucin was seen in all six cases, occasional goblet cells were seen in only three cases in a patchy distribution. Signet ring cells were not present. Focal clear cell change was seen in one case, and abundant mucin production was observed in two instances. Squamous differentiation and papillae were not observed. A consistent feature of these tumors was a dramatic host stromal response consisting of a dermoplastic spindle cell reaction accompanied by a diffuse intense lymphoplasmacytic reaction with occasional lymphoid follicles. Also notable was the absence of peripheral lepidic growth of neoplastic cells at the edges of the nodules.
Immunohistochemistry
The immunohistochemical results of the six cases of pulmonary intestinal-type adenocarcinoma compared to an age-and sex-matched group of 10 patients with metastatic colorectal adenocarcinoma to lung are shown in Table 3 . All six lung intestinaltype adenocarcinomas expressed TTF-1 and failed to express CDX-2 ( Figure 5 ). Cytokeratin 7 was expressed in all cases while cytokeratin 20 was not (Figures 6 and 7) . MUC1 was present in all six pulmonary intestinal-type adenocarcinomas while MUC 2 and MUC5 AC was expressed in two and one Pulmonary intestinal-type carcinoma SA Yousem case of pulmonary intestinal-type adenocarcinoma, respectively, in a small number of cells (Figure 8 ). In contrast, the metastatic colorectal adenocarcinomas failed to express TTF-1 while uniformly expressing CDX2, and consistently expressed CK20 in the absence of CK7. MUC1 was infrequently and weakly expressed in colonic adenocarcinomas (3/10), in contrast to the pulmonary intestinal-type adenocarcinomas. By the same token, colonic adenocarcinomas usually expressed MUC 2 (10/10) while lung intestinal-type adenocarcinomas did not (1/6) . These immunohistochemical studies demonstrated that despite the histologic similarity of pulmonary intestinal-type adenocarcinomas to intestinal neo- 
Discussion
This study is the first to report a group of pulmonary adenocarcinomas that are histologically similar to high-grade sinonasal adenocarcinomas and metastatic colorectal carcinoma that have been christened 'intestinal-type adenocarcinoma' in other sites. [13] [14] [15] While these primary pulmonary tumors are histologically similar to gastrointestinal carcinoma, they fail to demonstrate immunohistochemical markers associated with enteric tumors.
The lung represents a common site of metastasis for colorectal carcinoma and the separation of primary from secondary tumors is essential for patient management. Pulmonary intestinal-type adenocarcinomas are morphologically identical to metastatic intestinal carcinoma including the characteristic garland-like arrangement of columnar cells with luminal 'dirty necrosis', as initially described by Tsao. 4, 12 Pulmonary intestinal-type adenocarcinomas are well-circumscribed masses lacking significant lepidic growth, and are associated with a prominent lymphoplasmacytic infiltrate. While the morphology of intestinal-type adenocarcinomas resembles colorectal adenocarcinoma, the immunohistochemical profile of TTF-1, CDX-2, cytokeratin 7 and 20, and cytoplasmic mucins clearly demonstrate an absence of enteric differentiation, unlike colorectal and upper respiratory tract sinonasal adenocarcinoma. 14, 15, 27, 28 Historical markers utilized to separate primary lung from metastatic colonic adenocarcinoma are very effective in separating the two neoplasms-pulmonary intestinal-type adenocarcinoma are TTF-1, cytokeratin 7, MUC1 positive, and CDX2, cytokeratin 20, and MUC2 negative, while metastatic colonic adenocarcinoma shows reversed pattern of immunostaining.
The addition of pulmonary intestinal-type adenocarcinomas to the growing list of mucin-producing lung adenocarcinomas raises an interesting morphologic and immunohistochemical dichotomy (Table  4) . Rossi et al 3 in an excellent study of mucinous carcinomas of lung, reported that the majority of colloid (mucinous) adenocarcinomas of lung, particularly the goblet cell type, expressed both CDX-2 and TTF-1, and also expressed CK20. They, and others, have also noted that mucinous bronchioloalveolar adenocarcinoma and signet ring adenocarcinoma of lung fail to express CDX2 with the former showing frequent expression of CK20 but absence of TTF-1. 6, 8, 19, [27] [28] [29] 31, 32 These studies suggest that the expression of enteric markers is related to mucinous differentiation by neoplastic cells particularly goblet cells. Why goblet cell differentiation in goblet cell type colloid carcinoma should have a different phenotype from mucinous variants of bronchio alveolar carcinoma or pulmonary intestinal-type adenocarcinoma is unclear. What is clear in this study is that pulmonary intestinal-type adenocarcinoma is of higher grade, lacks significant goblet cell differentiation, and fails to display enteric markers. This includes a minority of cells in pulmonary intestinal-type adenocarcinomas showing focal mucinous and goblet cell differentiation.
In summary, this report details six cases of primary lung adenocarcinoma, histologically identical to metastatic colorectal adenocarcinoma. While the morphology is similar, immunophenotypic studies show respiratory tract rather than enteric differentiation, unlike high-grade sinonasal intestinal-type adenocarcinoma or goblet cell type colloid carcinoma of lung. ADCA-adenocarcinoma; BAC-bronchioloalveolar carcinoma; NA-not applicable.
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